These experiments were conducted to provide data on possible flare characteristics for use by Hare designers. The areas addressed were the possible enhancement of target acquisition performance by (1) a flare stabilized against wind effects, 2 (2) a choice of color of flare light (to be published), and (3) a hovering flare.
This report describes the experiment on a hovering flare and discusses the results in terms of applicability in flare design.
BACKGROUND
The area of ground illuminated to some specified level by a flare is a function of the luminous intensity of the flare and its altitude above the ground. Laswell 3 developed a family of curves showing this ground area-flare altitude relationship for a threshold illumination level of 0.2 footcandle (the 0.2 footcandle value has been used as an "optimal" illumination level by flare developers). A plot of Laswell's relationship is shown in Figure 1 for a 2-million candlepower flare. It is seen that the flare provides a maximum area illuminated by 0.2 footcandle or greater when it is at 1,500 ft above the ground. Hilgendorf has shown in a terrain model experiment that it takes about twice as long to detect targets when they are outside this 0.2-footcandle ring (search tune was 0 min Me versus 2 nun outs.de,. If a Hare is ignited at 2,400 ft -d burnout a 500 ft the circle illuminated by 0.2 footcandle vanes from 3,200 ft diameter to a maximum of 4,000 ft and hack down to 3.200 ft; the 4.000-ft circle has 1.6 tm.es the area as the 3,200-ft circle. 
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With these relationships and experimental results in mind, the question arose as to the possible advantage of a flare that could hover at the "optimal" altitude throughout its burning time.
Ihis report describes an experiment where target acquisition performance for targets-of-opportunity was measured for a normally descending flare and a hovering flare. It was hypothesized that the hovering flare would lead to better search performance than the descending flare. The results are useful in assessing the advantages in a hovering flare.
METHOD
Subjects were required to search by flare light for scale model targets located on a model of Central European-type terrain. Flares over the terrain were simulated by suspending small lightbulbs above the terrain, and moving them as required to simulate descent and wind drift. The subjects were "flown" by the terrain at a simulated altitude of 2,000 ft and velocity of 100 knots by a chair-transport mechanism. Their responses were used to compute the mean number, or percent of the targets detected, and the number of errors made.
SUBJECTS
The subjects were 20 male college students with normal color vision and 20/20 or better far and near visual acuity. Color vision was tested by the Dvorine Pseudo-Isochromatic Plates and visual acuity testing was accomplished by the Bausch and Lomb Master Ortho-Rater.
DESIGN
The subjects were divided into two groups of ten subjects each. One group performed with the simulated flares descending normally and the other with the flares stabilized at the "optimal" altitude. This resulted in two groups whose performance data were suitable for testing for statistical significance with the Student t_ distribution. The dependent variables were number of targets acquired and errors.
««iWRmiwiiiiiviwuii im
Ji"i!i ujinapinmipiviin Bmpi|pjIBipi«ppwpH«wMP^»i!W5Pi»wra«!Bww^p^ ^wj'iWUHffl^S»l,«lW-W™A»l-l!*P,
NWC IP 5722

APPARATUS
Flares
The LUU-2B'B was the flare simulated in this experiment. This tlare produces 2-million candlepower tor approximately 4 min with an average descent rate of 7.2 ft/sec.
5 Simulation of the tlare was accomplished by using a standard No. 47 pilot lamp, but operated 9 volts instead of 6, At this voltage, the lamp produces the proper intensity which simulates 2-million candlepower at a scale of l:l,000.
6 To simulate the flare descent, the lamps were mounted on a mechanically driven, electronically controlled framework. Two simulated flares were used and they were separated by 5.28 ft simulating a distance of about I mile. The flares were ignited in such a way to simulate a flare aircraft flying a track parallel to the flight path of the subject and along the longitudinal axis of the terrain model (Figure 2 ). An earlier study had demonstrated this deployment concept for the area which was simulated by the terrain model. 7 The descent of each flare was controlled by a 28-volt DC motor. The voltage to each motor is a ramp function to simulate the constantly decreasing velocity in the descent of a parachute flare due to its loss of mass and also due to its heat generation while burning. In addition, a 24-volt DC motor was installed on the descent framework of each flare to provide simulated flare drift due to wind. For the descending condition, the flares were set to ignite at a simulated altitude of 2,400 ft above ground level (ACL) and to burn out at a simulated altitude of 500 ft AGL. Under the fixed condition, the altitude of the flare was maintained at a simulated 1,500 ft. A wind drift of 5 knots was also simulated for both conditions.
Terrain Model
The terrain model, over which the subjects searched for targets, is on a scale of 1:1,000 and provides a reasonably realistic portrayal of Central European terrain. Its dimensions (5 ft x 18 ft) represent a terrain strip approximately 3 miles long by 1 mile wide. The model simulates the color and reflectance properties of the real world within the visible portion of the electromagnelic spectrum and contains a river, road, bridge, and foliage (Figure 3 ). A motorized optometrist's chair was used to "tly" the subject along (beside) the terrain model. The subject wore a helmet with a lock feature, such that the back of the helmet was fixed against the chair's head pads. Through the use of the chair's elevation feature, the eye level of each subject was maintained at a mean of 24 inches above the terrain model's surface to correspond to a simulated altitude of 2,000 ft, Selection of this altitude was based upon a previous study which showed that target acquisition from 2,000 ft was easier than from higher altitudes. 8 The chair was placed on a motorized trolley which propelled the subject along the terrain model at a simulated speed of about 100 knots.
The nondominant eye of each subject was covered by an eye patch to simulate the absence of Stereovision, since at the actual ranges which were simulated, there would he no stereoscopic distance/depth cues available.
Turrets
The targets were a river, a road, a bridge, a parked truck, a moving truck, a moored boat on the river, a moving boat, and three single tanks. The moving boat and truck were always started from their respective starting points and moved at velocities of 40 mph and 15 knots, respectively. The vehicles and boats were isolated from one another so that there were seven point targets, two of them moving.
PROCEDURE
After initial visual screening and preliminary explanation, each subject was trained to identify the targets listed above. This training was accomplished on a smaller terrain model located in the subjects' preparatory room.
The subject was then brought into the test room, seated, and allowed to adapt to the dark for 15 min. During this time, the instructions were repeated and the subject was asked to name the targets for which he would be looking.
During the actual run, the subject was asked to call out the name of each target as he sighted it. Due to the high learning rate associated with targets on the terrain model, each subject was used for only one experimental trial.
The total number of valid targets found (detected, identified, and located) by each subject and the number of errors (e.g., identifying a truck when there was none in the area) were recorded for each subject. In addition, the time of his report was noted (with t -0 being the start of the trial); this time could be correlated with his location along the terrain model.
RESULTS AINU DISCUSSION
Three of the ten targets do not provide any data on differences between search by the hovering and descending tlares. The river was reported by all subjects in both groups. Two tanks were never seen by any of the subjects. Performance on the individual targets is shown in Table I . The performance of the individual subjects across all 10 targets is shown in Table 2 .
The hovering Hare group found more targets than the descending flare group (59 versus 52); this difference was found to be statistically significant by a t-test for independent means (t = 1.87; p > 0.05). Both groups committed about the same number of errors; 10 for the hovering flare group and 11 for the descending flare group.
In summary, the results of this experiment did show that more targets were found by the light of two flares hovering at the optimal altitude than by the light of two normally descending tlares.
The results of this experiment can be related to the lighting geometry of Figure  1 . The produce of (1) the area lighted by at least 0.2 footcandle and (2) the duration of illumination gives one value of the area-time available for search. For one hovering flare, this product is 12x10* sq. ft x 4 min, or 48 million sq. ft-min. For a descending flare, the integral of area-time yields about 42 million sq. ft-min or 0.9 of the hovering tlare. The subjects found 52 targets by the descending flares, or about 0.9 of the number they found by the hovering flares.
Although two tlares were used in this experiment, their 0.2-footcandle circles did not overlap since they were separated by 1 mile. It also should be pointed out that 0.2 footcandle is not a magic number; it was selected rather arbitrarily after some theoretical deliberations, and has only been used as a boundary in one experiment (see Footnote 4). Nevertheless, this experiment has indicated that the area illuminated by at least that level is related to target acquisition performance.
The data tend to support the contention that the hovering flare concept is associated with superior search performance. The practical or operational significance of the results poses another question. Whether or not this performance increase (13% more targets found in this experiment) is great enough to justify development of a hovering flare is a consideration which should be addressed by armament developers. 
